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ABSTRACT 

An abundantly growing water p l a n t  i n  t r o p i c a l  and subtropical  areas 

c a l l e d  water hyacinth (Eichhornia crassipes) i s  the main t o p i c  o f  t h i s  

study. 

p ro te ins  (13-19 %), l i p i d s  (1 %) and carbohydrates (0.85-1.3 %). 

j u i c e  when released by osmosis using d i f f e r e n t  concentrat ions o f  sodium 

ch lo r ide  was found t o  be unable t o  support t he  growth of-Candida t r o p i c a l i s  

owing to low carbohydrate and n i t rogen . levels. However,.when i t s  p l a n t  - .  

j u i c e  was prepared by homogenation (w i th  d i s t i l l e d  water as d i l uen t )  and 

heat ing for  h a l f  an hour a t  l l O o  C, i t s  carbohydrate and n i t rogen l e v e l s  

were s u f f i c i e n t  t o  support the growth o f  the  organisms. A d ry  y i e l d  o f  

yeast biomass recovered from p lant  j u i c e  was h igh l y  comparable t o  t h a t  

recovered from standard Sabouraud Dextrose Broth, a h igh l y  re f ined n u t r i e n t  

commonly used f o r  the  propagation of above organisms. 

An analysis of t h i s  water p l a n t  has ind icated a spectrum o f  crude 

I t s  p l a n t  

I n  order t o  u t i l i z e  t h i s  p lant  t o  the  f u l l e s t ,  i t s  residues were 

used as a substrate f o r  methanogenic bac ter ia  which were unabie t o  t o i e r a t e  

even very low sodium ch lo r ide  concentrations. 

however, though the t ime between inocu la t ion  and the e a r l i e s t  product ion 

o f  methane gas was somewhat delayed. 

The r e s u l t  was encouraging, 

Further s tud ies revealed tha t  i t  does n o t  have an t i bac te r ia l  a c t i v i t y  

and i s  incapable o f  absorbing bacter ia o r  viruses. 

t r a t i o n  (0.394 %) i s  assumed t o  be safe enough f o r  the consumption of the  

, p lan ts  by c a t t l e  and poul t ry .  

I t s  o x a l i c  ac id  concen- 

i 
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1. S a l t  Tolerance of Methanogenic Bacteria 

Anaerobic digestion i s  usually considered t o  be a two-stage process 

consisting of acid formation ( l i que f i ca t ion )  and gas formation (gas i f ica-  

t i on ) .  Since not only acids a r e  produced as  metabolic end-products du r ing  

the f i r s t  stage, and not a l l  the  gas formed dur ing  anaerobic digestion i s  

derived from the second s tage,  acid formation should therefore  be named 

the non-methanogenic phase and the gas-formation should be the methanogenic 

phase. 

i nc 1 uded Aerobacter,.. Aeromnnas, , M cal i genes; Baca la%-,' Ba F temi des ,- %1 os'>Lt= 

t r i d ium,  Escherichia, Klebs-iella, and many more. - I n  addition t o  bacteria-, 

others l i k e  protozoa, fungi and yeasts  a r e  a l so  taking pa r t  i n  the 

Bacteria reported t o  be involved i n  the non-methanogenic phase 

digestion process. 

and carbohydrates t o  short-chai n organic acids  , alcohols,  ketones and 

These microorganisms mainly convert l i p i d s ,  proteins 

f a t t y  acids. 

There a r e  mainly three different types of anaerobic bacter ia  responsi- 

b l e  f o r  the methanoge&+pbaxsc=. These-are*nncW,-Methanococc----  

and Methanobacterium. They are able  t o  break down the short-chain organic 

acids ,  alcohols, ketones and f a t t y  acids in to  methane gas and carbon 

d i  oxi de. 

I t  was found t h a t  the methanogenic bacter ia  were prac t ica l ly  in to le ran t  

t o  even a re la t ive ly  low degree of NaCl concentrations as  shown i n  Fig. 1. 

Plant residues soaked i n  1 % NaCl evolved less than 20 m l  of methane gas 

du r ing  the observation period, a s  compared t o  the control (0 % s a l t )  

I which could evolve more than 600 m l  of methane gas. Plant residues soaked 

i n  3 %, 5 %, 7 %, 9 %, 11 %, 13 % and 15 % of NaCl concentrations could 

not evolve any methane gas. Methanogenic bacter ia  i n  these concentrations 



Figure 1. Sal t To1 erance of  Methanogeni c Bacteria 
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were dead. 

methanogenic phase are s a l t  to lerant ,  i t  i s  hard t o  bel ieve they are 

unable t o  break down nu t r i en ts  (carbohydrates, 1 i p i d s  and prote ins)  t o  

provide energy for  the methanogenic bacter ia.  

t o  expla in  the phenomenon observed i n  t h i s  study. 

t he  metabolic end-products (short  chain organic acids, alcohols , ketones 

and f a t t y  acids) produced by non-methanogenic microorganisms are exhausted 

by other  types o f  microorganisms t h a t  can u t i l i z e  these end-products. 

Secondly, the p o s s i b i l i t y  ex i s t s  t h a t  there are a number o f  various 

substrates t o  be u t i l i z e d  f o r  gas production. However, they can no t  be 

acted upon unless three growth factors are present. These factors are: 

1. la rge  amount o f  acetate, 2. a v o l a t i l e  aCid (extracted by ether a t  

pH 2, having a d i s t i l l a t i o n  r a t e  s i m i l a r  t o  b u t y r i c  ac id  o r  long-chain 

Since many bacter ia,  fungi, and yeasts involved i n  the non- 

There are three theor ies 

It i s  possible t h a t  

d e n t i f i a b l e  fac to r  which was found 

vated by autoclaving a t  121’ C i n  a 

A disappearance o f  e i t h e r  one o f  these 

three fac to rs  w i l l  r e s u l t  i n  the cessation o f  the methane gas production. 

The t h i r d  nnc < h ; l < + s ,  :e +h + - - + h - - ~ - - - *  L--C--: --- --& pua5iui I 8 c . J  1 3  bllaL iiicuiaiwycii’/e uaCLei l a  Laii IIUL endure aiiy 

s a l t  concentrat ion higher than 1 X .  

f a t t y  acids), 3. a no t  absolutely < ,  

t o  be d ia lysable and was no t  inac t  

0.86 M HC1 so lu t i on  a t  a pH o f  2. 

2. Methanogenic Bacter ia Growing i n  P lan t  Residues 

Methanogenic bac ter ia  growing i n  p l a n t  residues which had no t  

prev ious ly  been soaked i n  any degree o f  s a l t  concentrat ion produced more 

than 800 m1/250 g of methane gas (Fig. 2). 

was between 20 and 40 days. The product ion decl ined rap id l y  and came t o  

The highest volume produced 

completion a f t e r  two months. 



Figure 2. Methanogeni'c Bacteria Growing i n  Plant  Residues 
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Methanogenic bac ter ia  growing i n  p lan t  residues which had been 

prev ious ly  soaked i n  3 % NaCl concentration and washed repeatedly i n  

d i s t i l l e d  water, produced l e s s  than 50 m1/250 g o f  methane gas i n  the 

f i r s t  f o r t y  days. However, about 500 m1/250 g o f  methane gas were 

produced i n  the next f o r t y  days. Gas ceased t o  evolve on the 80th day. 

For those methanogenic bacter ia  growing i n  p lan t  residues which 

had been prev ious ly  soaked i n  a 5 X NaCl concentration t o  ex t rac t  most 

of i t s  p l a n t  j u i c e  exh ib i ted  more o r  less the same k ind  o f  gas product ion 

p a t t e r n  as those p l a n t  t i ssues  soaked i n  a 3 % NaCl concentration. The 

o n l y  di f ference was t h a t  i t  s tar ted  producing a la rge  amount of methane 

gas on the 70th day and stopped twenty days l a t e r .  The t o t a l  volume was 

about 500 m1/250 g. 

When p l a n t  t issues were soaked i n  3 % and 5 % s a l t  so lu t ion,  respec- 

t i v e l y ,  many o f  the f r e e  nu t r i en ts  were ext racted out. 

def ic iency o f  nu t r i en ts  ex i s ted  w i t h i n  the residue. 

Therefore, a 
a ,  

However, as the per iod 

of incubat ion ca r r i ed  on, ce l lu lose,  bound prote ins and l i p i d s  were broken 

down by non-methanogenic microorganisms. 

formation o f  simple acids, alcohols, - f a t t y  acids and ketones which served 

This breakdown l e d  t o  the 

as the  substrates o f  methanogenic bacter ia .  

was the reason why methane gas d id  n o t  begin t o  evolve u n t i l  the 40th day 

(3 %) and 60th day (5  %). 

It i s  concluded t h a t  t h i s  
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3. Carbohydrates, L ip ids  and Protein Contents in  Water Hyacinth 

a. Total extractable  crude proteins was calculated as  follows: 

Total  0.5 N NaOH added---------------------------- X m l  

T o t a l  dry w e i g h t  o f  water hyacinth---------------- w g  

Absorbance of standard bovine a1 bumi n every 

2 

Y 

r n  U.L mg/mi at 650 nin----===------------------------ 

Absorbance o f  sample every 2 m l  a t  650 nm--------- 

Per cent protein o f  water 

hyacinth by dry w e i g h t  1000 mg/g W 

Y x 0.2 x x 
= y  x 1 x 100% 

The  crude proteins of water hyacinth was found-to be i D  the-.range.Pf_--,=, ___ 
13-19 %. 

b. The extractable  carbohydrates were calculated as follows: 

Per cent of t o t a l  _ .  
E x 0.1 x B 

1 x 100% 
- 

extractable  sugars - D x -  
1000 mg/g C .  

o f  water hyacinth by 

dry weight 

The percentage o f  extractable  t o t a l  sugars i n  water hyacinth was 

found t o  be 0.85-1.307 % w i t h  an average of 0.8905 X .  
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c. Total  ext ractable l i p i d s  was ca lcu lated as fo l lows: 

x 100% - weight o f  l i p i d s  Per cent o f  t o t a l  

ext ractable l i p i d s  
- 

dry w t .  o f  water hyacinth 

The ext ractable l i p i d s  o f  water hyacinth was found t o  be about 

1 %. 

Boyd reported t h a t  water hyacinth contained 11-12 % prote in ,  

1.5-2.5 % l i p i d s  and 8 X carbohydrates by dry  weight. The var ia t ions  

i n  the percentage o f  protein,  carbohydrates and l i p i d s  may be due t o  

methods of ex t rac t i on  and age of the p lan ts  because the more matured 

p lan ts  should have higher leve ls  o f  prote in ,  carbohydrates and l i p i d s .  
. - - - - - . .  . 

4. Growth o f  Candida t r o p i c a l i s  i n  S a l t  Extracted P lan t  Juice 

- C. t rop ica l i s 'expresses  I ,  no growth i n  p l a n t  j u i ces  ext racted by 

various s a l t  concentrat ions ( 3  X ,  5 X, 10 X)  as shown i n  Fig. 3.  

Inversely,  they d ied gradually. However, yeast  growing i n  the contro l  

medium (Sabouraud Dextrose Broth) revealed a usual growth pattern. When 

p l a n t  ju ices  ext racted by d i f f e r e n t  doncentrations o f  sodium chlor ide 

were tested f o r  t h e i r  sugar and n i t rogen leve ls ,  i t  was discovered t h a t  

both o f  them were very low, about 0.1-0.2 X and 0.04-0.2 X ,  respect ively.  

These concentrat ions o f  carbohydrate and n i t rogen were no t  enough t o  support 

the growth o f  - C. t r o p i c a l i s .  

i n  the number o f  t o t a l  c e l l s .  

This was a lso revealed by a gradual dec l ine 



Figure 3. Growth o f  ,Candida tropicalis in Salt Extracted Plant Juice 

, 
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5. Growth o f  Candida t r o p i c a l i s  i n  P lant  Ju ice  Homogenate 

The carbohydrate l e v e l  found i n  the p l a n t  j u i c e  homogenate was approxi- 

mately 0.85-1.3 % wh i le  the n i t rogen l e v e l  was about 0.8-1.2 X. It was 

a lso  found t h a t  i f  the homogenate was heated a t  l l O o  C f o r  30 minutes a 

b e t t e r  y ie ld  o f  carbohydrate was recorded. 

pH o f  the homogenate was adjusted t o  a pH o f  13 and heated a t  70° C f o r  

one hour, an increase i n  p ro te in  concentrat ion would be observed i n  jack-  

beans. 

concentrat ion was indicated. 

According t o  Molina, when the  

With water hyacinths only  a s l i g h t  increase o f  0.4 % i n  i t s  p r o t e i n  

On the f i r s t  24 hours o f  incubat ion,  c e l l  dens i ty  i n  f l a s k  1 ( p l a i n  

p l a n t  ju ice) ,  f l ask  4 (p lan t  ju ice ,  1 % masonex, 1% ammonium su l fa te )  and 

f l a s k  5 ( con t ro l )  increased tremendously, about 4x103 fo lds.  

( p l a n t  ju ice,  1 X ammonium su l fa te )  and f l a s k  3 (p lan t  ju ice ,  1 X masonex) 

on l y  increased t o  1x10 fo lds  and 2x10 fo lds  respec t ive ly  (Fig. 4). On 

the second and t h i r d  day, c e l l  dens i ty  decl ined r a p i d l y  except i n  the 

cont ro l .  The reasons f o r  the decrease o f  v iab le  c e l l s  might have been 

caused by an a l k a l i n e  pH i n  the  experimental f lasks,  n u t r i e n t  depletion, 

accumulation o f  t o x i c  products (metabolites), etc. The pH i n  the exper i -  

mental medium increased from an i n i t i a l  pH o f  5.6 t o  a pH of 8.5. 

con t ro l  group, however, maintained a pH o f  5.6. 

the reason o f  an increase o f  pH i n  the growth curve study o f  5. t r o p i c a l i s  

growing i n  p l a i n  p l a n t  j u i c e  revealed t h a t  the pH increased from 5.60 t o  

Flask 2 

3 3 

The 

A ca re fu l  analysis f o r  

6.5 w i t h i n  12 hours (Fig. 5). 

The pH o f  t he  cont ro l  (SDB) was unchanged, remaining a t  5.60. 

poss ib le  reasons responsible fo r  the dec l ine o f  v iab le  c e l l s ,  the most 

probable cause was the adverse pH since the optimum pH f o r  C. t r o p i c a l i s  

was 5.0-5.50. 

Two hours l a t e r ,  a pH o f  8.5 was measured. 

Among 
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Figure 4.  Growth of Candida tropical i s  in  Plant Juice Homogenate - 



10 

0 
0 
-1 

-1 
-1 
w 
u 

, 

! n-a Plant auice I 
-0 control 

b - ~  Plant juice, Masonex 
%* N ammonium sulfate 

0-0 N r N Masonex 

I 1 2 3 

DAYS 



Figure 5 .  Growth Curve o f  - C .  tropicalis Growing i n  Plant Juice 
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The bui ld-up o f  pH might be due t o  a lack o f  b u f f e r  systems i n  the 

p l a n t  j u i c e  mixture. 

These included the adjustment o f  the pH by add i t i on  o f  HC1 and use of 

Attempts had been made t o  maintain the pH a t  5.60. 

phosphate buffers. 

change of the pH toward the a l ka l i ne  side. 

Further studies are ind ica ted  t o  determine the rap id  

Since the p l a i n  p l a n t  j u i c e  was capable o f  y i e l d i n g  as many yeast 

c e l l s  as the SDB con t ro l  broth, i t  was unnecessary t o  add other supple- 

mentary nu t r ien ts ,  such as amnonium s u l f a t e  and masonex, t o  the p lan t  

j u i ce .  

i n  p l a n t  j u i c e  had a smaller c e l l  s i ze  and an elongated shape, as compared 

t o  those growing i n  the  Sabouraud Dextrose b ro th  con t ro l ,  which revealed 

a l a r a e r  s i t e  and a spher ical  shape. 

d i f f e r e n t  co lon ia l  morphology when grown on pl 'ant j u i c e  agar (1.5 % agar 

was added t o  the p l a n t  j u i c e ) .  Although the exact mechanisms which govern 

One th ing  worth no t i c ing  was the f a c t  t h a t  yeast c e l l s  growing 

I n  addi t ion,  they revealed a 

the  c e l l  shape and. s i z e  escape a d e f i n i t e  answer, Henning suggested t h a t  

c e l l  shape might be r e s u l t i n g  from the in f luence o f  surface tension on a 

f l u i d  surface, determined by speci f ic  genetic information, a d i r e c t  

consequence of the i n t e r n a l  pressure .of the c e l l ,  o r  n u t r i t i o n a l  s t a t e  

of medium. Magasanik a l so  discovered t h a t  a l ack  o f  thymine resu l ted  i n  

a h igh  frequency o f  mutation which undoubtedly would lead t o  a d i f f e r e n t  

c e l l  shape and size. 

A growth curve study o f  C. t r o p i c a l i s  growing i n  p l a n t  j u i c e  ind ica ted  

t h a t  i t  establ ished i t s  highest c e l l  densi ty a t  12-14 hours a f t e r  incuba- 

t i o n  (Fig. 5). 

c e l l  densi ty u n t i l  22 hours af ter  incubation. 

yeast c e l l s  growing i n  p l a n t  j u i c e  t o  a t t a i n  t h e i r  h ighest densi ty might 

be due t o  the induc t ion  of p a r t i c u l a r  enzymes t o  u t i l i z e  the ava i l ab le  

However, when growing i n  SDB i t  would not  reach i t s  highest 

A shor te r  t ime required by 

energy source i n  p l a n t  j u i ce . .  
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Cel ls  growing i n  p lan t  j u i c e  decl ined r a p i d l y  a f t e r  maintaining 8 

hours o f  s ta t ionary phase. 

was not so drast ic .  

bui ld-up o f  pH, o r  some other  factors  as described previously. 

However, the dec l ine  o f  c e l l s  growing i n  SDB 

This might be due t o  the exhaustion o f  energy sources, 

3. : . 

6. Yie ld  o f  Candida t r o p i c a l i s  by Dry Weight 

The y i e l d  o f  yeast  biomass growing i n  500 m l  o f  a 1: l  d i l u t i o n  o f  

p lan t  j u i c e  by dry weight was 70 % when compared t o  the yeast biomass 

growing i n  500 m l  o f  regular  concentrat ion SDB i n  the f i r s t  24 hours. 
~ I _  . 

However, a f t e r  an incubat ion per iod o f  48 hours, the  comparative y i e l d -  

of biomass dropped t o  6 1  % (Table I and 11), due mainly t o  the exhaustion 

of nut r ien ts  and the  smaller c e l l  s i t e  o f  the yeast c e l l s  growing i n  the 

p lan t  ju ice .  Oyakawa reported t h a t  when t h i s  growing process was c a r r i e d  

out i n  large scale and continuous cu l t i va t i on ,  the comparative y i e l d  of 

yeast biomass (growing i n  p l a n t  j u i c e )  could be increased t o  as h igh  as 

170 X .  Gradova and h i s  associates a lso pointed ou t  t h a t  in tens ive  b io -  

, I  

mass production might be achieved only by means o f  continuous processes. 

I n  another experiment, yeast c e l l s  were inoculated i n t o  non-di l  uted 

However, t he  p lan t  j u i c e  i n  hopes t h a t  i t  would y i e l d  a higher harvest. 

c e l l  density increased only s l i g h t l y ,  when compared t o  the d i l u t e d  

* p lan t  ju ice.  
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Table I 

comparison O f  Dry Weight O f  Yeast Cell Mass After 24 Hours O f  Incubation 

In Sabouraud Dextrose Broth And P lan t  Juice 

Sample Cell Density 1x106 Dry Weight of Cell Mass (9 )  

_. . -  _ -  Control Plant Juice 
- . _ _  - - ---. - - __ - _ _  . 

Control Plant Juice 

1 72 82 1.0004 0.8371 

2 101 300 0.9521 0.9145 

3 82 , ,  100 0.9241 0.6149 

4 165 74 1.0270 0.6268 

Average 105 140 0.9761 0.7758 

Residual solids of plant juice------l------------------- 0.1016 g/500 ml 

Net weight of yeast cell mass (0.7758-0.1016) g--------- 0.6742 g/500 ml 

Weight of cell mass recovered from SDB------------------ 0.9761 g/500 ml 

Comparative recovery of yeast cells from plant juice 

(24 hours)---------------------------------------------- 70% 
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Table I1 

Comparison O f  Dry Weight O f  Yeast Cell Mass After  48 Hours O f  Incubation 

I n  Sabouraud Dextrose Broth And Plant Juice 

Dry Weight of Cell Mass ( 9 1  6 Sample Cell Density 1x10 
- -______ -. =.  . 

Control Plant Juice Control P l an t  Juice-- -- - -  

1 83 

2 . 56 

3 52 " 

4 15 

Average 52 

37 1.0411 0.8491 

6 1.3025 0.9219 . 

12 1.2950 0.6162 

121 1.1284 0.8373 

44 1.1917 0.8304 

Residual so l ids  of plant juice-------------------------- 0.1016 g/500 m l  

Net w e i g h t  of yeas t  mass (0.8304-0.1016) g-------------- 0.7288 g/500 m l  

Weight o f  cell mass recovered from SDB------------------ 1.1917 g/500 m l  

Comparative recovery of yeas t  c e l l s  from plant  j u i ce  
(48 hours)---------------------------------------------- 61% 
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Table 111 

Per Cent O f  Oxal ic  Acid Concentrations I n  Water Hyacinths 

Sample 

4 

Average 

0.6702 

0.7885 

0.8480 

0.7885 

0.7738 

0.2529 

0.3199 

0.2901 

0.2204 

0.2714 

0.1159 

0.1567 

0.1027 

.I : 0.1701 

0.1360 
._-  . __- - _ _  - - 

The o x a l i c  ac id  l e v e l  i n  f resh  water hyacinth as a whole i s  0.3935 % 

whi le  the  o x a l i c  ac id  concentration i n  dry water hyacinth as a whole 

i s  6.0-9.1 X .  
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7. Oxal ic Acid Level o f  Water Hyacinth 

The ca l cu la t i on  o f  the oxa l i c  ac id  l e v e l  i n  the sample was as 

f o l 1  ows : 

- (D-C) m l  x 1350 x (A+100) mg o f  o x a l i c  ac id  per 100 g 

o f  water hyac inth 
- 

A x 6  

whereas ‘ I  

0.45 = mg o f  anhydrous oxa l i c  ac id  equiva lent  t o  1 m l  

0.01 N KMn04 

100 = t o  convert  t o  100 g product 

30/20, 500/25 : d i l u t i o n  factors  

The comparative l e v e l s  o f  oxa l i c  ac id  i n  l e a f ,  p e t i o l e  and r o o t  are 

shown i n  Table 111. 

lea f  po r t i on  whereas the  r o o t  contained the  lowest concentration. 

p e t i o l e  consisted o f  an average l e v e l  o f  o x a l i c  acid. 

corresponding t o  the f i n d i n g  o f  Rao and h i s  associates. 

t h a t  the l e a f  had the h ighest  concentrat ion o f  calc ium which was associated 

w i t h  the oxa l i c  a c i d  l e v e l  because oxa l i c  ac id  was i n  the  form of calcium 

oxalate usual ly.  

be the lowest. The amount o f  accumulation of oxalate depends upon the 

The h ighest  oxa l i c  ac id  concentrat ion occurred i n  the 

The 

This r e s u l t  was 

They discovered 

In roots ,  the calcium concentrat ion was a lso  found t o  
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age of the plant.  

accumulate the highest l eve l  o f  oxalate. 

Normally when a p lan t  i s  f u l l y  matured, i t s  leaves w i l l  

According t o  James, t h i s  f i g u r e  

l i e s  below the c r i t i c a l  oxalate l e v e l  which was found t o  be 10 % o r  more 

on a d ry  weight base. 

Some p lan ts  have a r e l a t i v e l y  h igh l e v e l  o f  oxa l i c  ac id  which may be 

due t o  the a c t i v i t y  of carbohydrate metabolism, interconversion o f  compo- 

nents i n  the  t r i c a r b o x y l i c  ac id  cycle, g lyco la te  metabolism, pyruv ic  ac id  

metabol ism o r  conversion o f  L-ascorbic acid. 

Once o x a l i c  ac id  was consumed by a ruminant, i t  might 

i. 

ii. 

be degraded by rumen f l o ra ;  

combine chemically w i th  calcium 'to become inso lub le  

and therefore unavailable f o r  absorpt ion from the 

.- 

_______ __ . . __-------------- 

rumen; o r  

iii. be 'absorbed from the rumen i n t o  the blood stream where 

i t  cou ld  combine with calcium t o  produce a hypocalcemia 

and i n t e r f e r e  w i t h  o ther  body processes. 

The calcium oxalate c r y s t a l s  may p r e c i p i t a t e  ou t  i n  various t issues, espe- 

c i a l l y  the kidneys. 

b l e  f o r  the death o f  the animal. However, there  i s  evidence t h a t  o ther  

factors may be involved i n  oxalate death. These inc lude hemorrhagic 

rumeni t is  and shock, interference w i t h  energy metabolism (oxalate competi- 

t i v e l y  i n h i b i t s  enzymatic ox idat ion o f  lac ta te ,  i n t e r f e r e s  noncompetit ively 

w i t h  reduct ion o f  pyruv ic  ac id  and i n h i b i t s  succ in ic  dehydrogenase), and 

cardiovascular col lapse o f  depression of the cent ra l  nervous system. 

Hypocalcemia and uremia i n  the t h i r d  case are responsi- 

8. Uptake o f  Escherichia c o l i  by Roots o f  Water Hyacinths 

The number o f  bac ter ia  i n  the con t ro l  group (phosphate bu f fe r  i n  
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d i s t i l l e d  water) declined very rapidly during the f i r s t  two days probably 

due t o  the f a c t  t h a t  the solution i n  w h i c h  the organism grew was only 

buffered by phosphate i n  d i s t i l l ed  water (Fig. 6) .  

more advantageous t o  use physiological s a l ine  b u t  the plant  i s  unable t o  

t o l e r a t e  a 0.85 % NaCl concentration. 

I t  would have been 

The number of bacter ia  i n  plant roots and the water i n  which  the 

plants  were submerged, respectively,  increased tremendously on the f i r s t  

day and then decreased s l i g h t l y  on the second, t h i r d  and fourth day. The  
3 original  average number of bacteria i n  roots  was 40x10 per gram of wet 

w e i g h t  of plant roots.  
___I -- . . -  i >--- ._  - - -  _i 

. >  -; 

. .  ._ .. . - -  . . .  

9. Uptake of Poliovirus by Roots of Water Hyacinths 
- 

Analyses of water samples of the control group a s  compared t o  the 
8 ,  

experimental group revealed t h a t  the number of Poliovirus from Day 0 t o  

Day 4 remained constant,  indicating t h a t  the plant  was unable t o  absorb 

this  par t icu lar  virus. However, other  types of viruses, such a s  mouse 

encephalomyel i t i s ,  were observed t o  be absorbed and even translocate+- ------ _ _  

t o  the aer ia l  portion of the plant. 

10. Antibiotic Act ivi ty  of Water Hyacinths 

In the an t ibac ter ia l  ac t iv i ty  test a pos i t ive  result will give a 

c l e a r  zone of inhibi t ion around the loaded discs.  T h i s  zone o f  inhibi t ion 

is  caused by the diffusion of an t ib io t i c s  from the loaded d i sc  t h a t  i nh ib i t s  

the growth o f  microorganism immediately around the  disc .  

no anti-microbial a c t i v i t y  could be observed i n  ex t rac ts  from roots and 

In this study, 



Figure 6.  Uptake o f  Escherichia - col i  by Roots o f  Water Hyacinths 
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the  green par ts  ( p e t i o l e  and lea f )  though every k ind  o f  precaution was 

taken t o  avoid the dest ruct ion o r  loss of a n t i b i o t i c s ,  i f  any, i n  water 

hyacinth. 

concentrated s tatus (reduced volume from 200 m l  t o  2 ml)  by evaporation 

a t  low temperature (37' C) .  The former precaut ion served t o  create an 

e f f e c t i v e  dosage wh i le  the l a t t e r  served t o  preserve the a n t i b i o t i c  

a c t i v i t y  o f  the ext ract .  

i n  these crude ext racts ,  a fu r the r  p u r i f i c a t i o n  o f  the p lan t  ex t rac t  was 

ca r r i ed  ou t  according t o  methods described by Majumdar. 

ment a lso f a i l e d  t o  reveal any ant i -microbia l  a c t i v i t y .  

These measures included condensing p l a n t  ex t rac ts  t o  a very 

Since there was no a n t i b i o t i c  a c t i v i t y  ind icated 

But t h i s  experi- 

When we analyzed the  body o f  water i n  which water hyacinth are sub-- 

merged, we f i n d  t h a t  there were numerous types o f  microorganisms, p lants  

and animals ( inc lud ing  parasi tes) l i v i n g  around it. A t o t a l  count o f  

bac ter ia  i n  the roots  o f  water hyacinth revealed m i l l i o n s  and m i l l i o n s  of 

microorganisms l i v i n g  i n  the r o o t  meshes. 

i s  observed l i v i n g  on the rhizome o f  water hyacinth external ly .  According 

t o  Chitwood, Seinhorst and Starkey p lan t  nematodes feed mainly on l i q u i d  

contents o f  p lan t  c e l l s ,  fungi ,  protozoa and bacter ia.  This observation 

may no t  be important bu t  i t  may be an i n d i c a t i o n  o f  i t s  i n a b i l i t y  t o  

produce any a n t i b i o t i c  substance. 

a ,  

A k ind  o f  nematode (parasi te)  

11. Methane Gas Production from Plant  Residues o f  Water Hyacinths 

The t o t a l  volume o f  methane gas produced by the  p l a n t  was about 

2300 m1/250 g o f  p lan t  dur ing t o t a l  t ime o f  incubat ion (Fig. 7). 

production of gas terminated on the 60th day. The t o t a l  volume o f  gas 

produced by p lan t  residues (p lan t  minus p lan t  j u i c e )  was approximately 

900 m1/250 g. 

The 

The gas production terminated on the 70th day. The t o t a l  



Figure 7 .  Methane Gas) Production from Plant Residues of Water Hyacinths 
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volume of methane gas produced by p l a n t  residues (plant juice removed a f t e r  

heating) was approximately 1100 m1/250 g. The production of gas ceased on 

the 70th day. 

approximately one and half months a f t e r  inoculation. 

gas produced by the e n t i r e  plant was almost twice a s  much as the volume of 

gas produced from plant residue alone i n  the absence of plant ju ices .  

In the l a s t  two experiments, maximum a c t i v i t y  was achieved 

The volume o f  methane 

However, i f  one considers the f a c t  t h a t  the extracted plant juices 

can well be used fo r  the production o f  "single  ce l l  protein", the loss of 

methane gas somehow seems t o  lose i t s  significance.  


